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RESEARCH PAPER
Chronostratigraphy, Site Formation, and 
Palaeoenvironmental Context of Late Pleistocene and 
Holocene Occupations at Grassridge Rock Shelter 
(Eastern Cape, South Africa)
Christopher J. H. Ames*,†, Luke Gliganic‡, Carlos E. Cordova§, Kelsey Boyd*, 
Brian G. Jones*, Lisa Maher‖ and B. R. Collins¶,**
Grassridge rock shelter is located in the high elevation grassland foothills of the Stormberg Mountains 
in the Eastern Cape of South Africa. This places Grassridge at an important biogeoclimatic intersec-
tion between the Drakensberg Mountains, the South African coastal zone, and the interior arid lands of 
southern Africa. First excavated in 1979, the approximately 1.5 m stratigraphic sequence was divided 
into two major occupational components: a 50–70 cm thick Later Stone Age component dating between 
7–6 ka and an underlying 50–80 cm thick Middle Stone Age component dated to 36 ka at the base. Here 
we present a reanalysis of the Grassridge stratigraphic sequence that combines new optically stimulated 
luminescence and radiocarbon age estimates with sedimentological and microbotanical analyses to evalu-
ate site formation processes and the palaeoenvironmental context of human occupations. Results indicate 
a complex history of geogenic, anthropogenic, and biogenic inputs to the depositional sequence that are 
interspersed with pulsed human occupation from 43–28 ka, 13.5–11.6 ka, and 7.3–6.8 ka.  Microbotanical 
remains indicate a cooler, drier grassland environment in MIS 3 that transitions to a warmer, moister 
grassland environment dominated by summer rainfall in the middle of MIS 1. The pulsed occupational 
sequence identified at Grassridge is characteristic of the Pleistocene and Holocene record across the 
greater high elevation grassland region of South Africa, which, based on comparison with other currently 
available evidence, seems linked to a complex system of forager mobility entwined with rapidly fluctuating 
palaeoenvironments across the last glacial to interglacial transition.
Keywords: Geoarchaeology; South Africa; Eastern Cape; Phytoliths; Site Formation; MIS 3; MIS 1; 
Younger Dryas
1. Introduction
There is a rich tradition of Pleistocene archaeological 
research in southern Africa, which over the past century 
has significantly contributed to our understanding of 
human origins (Barham & Mitchell 2008). The distribu-
tion of this research, however, is not uniform throughout 
the region. A majority of what we know about  Pleistocene 
human lifeways derives from well-studied rock shelter sites 
on or near the coastal margins (see Lombard et al., 2012). 
Inland sites are less frequent in this body of work and clus-
ter in a few areas: the Drakensberg Highlands (Mitchell 
1996; Plug & Mitchel 2008; Stewart et al. 2012;  Wadley 
1997), the Cradle of Humankind near Johannesburg 
(Kuman et al. 2018; Pickering et al. 2018; Riga et al. 2019), 
the Cederberg Mountains in the Western Cape (Hallinan 
& Parkington 2017; Lin, Douglass & Mackay 2016; Mackay 
et al. 2014; Shaw et al. 2019), and the central portion of 
the Orange River (Sampson 1972, 1970, 1968; Sampson 
et al. 2015). Yet at the macro-scale, and particularly for the 
Pleistocene record, there are large gaps in the distribu-
tion of recorded archaeological sites—most notable is the 
absence of data from the arid central interior, including 
the Nama-Karoo, northern savannah regions, and north-
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central dry highland grasslands. Some have argued that 
the absence or the differing nature of the data from these 
regions suggests it was ephemeral in the prehistory of 
southern Africa, with the coastal zone hypothesized as a 
critical region of occupation and potential driver of human 
evolution (Fisher et al. 2013; Marean 2016, 2014). How-
ever, the few well-described inland sites scattered across 
these interior regions, such as Kathu Pan (Lukich et al. 
2019) and Wonderwerk (Chazan 2015; Chazan et al. 2008; 
Ecker et al. 2017), or the density of open sites in the Zee-
koe Valley (Sampson et al. 2015), hint to a rich and deep-
time record of human habitation in the interior. Contin-
ued exploration is required to understand the nature and 
sequence of occupation and adaptation in the inland areas 
of southern Africa, and to clarify the relationships between 
foragers in the interior and the coastal regions.
The Grassridge Archaeological and Palaeoenvironmental 
Project (GAPP) was initiated to address such questions, 
with a particular focus on the high altitude grasslands of 
the Stormberg Mountains in the Eastern Cape of South 
Africa (Collins, Wilkins & Ames 2017). Previous research in 
this area has focused primarily on Holocene-aged occupa-
tions and rock art, while only generally documenting the 
presence of Late Pleistocene archaeology (Deacon 1976; 
Opperman 1988, 1987, 1984; Sampson 1970). This leaves 
human occupation in the Stormberg region during the 
Late Pleistocene poorly understood, with overall limited 
research on the topic and an archaeological record defined 
by poorly resolved occupational pulses. Our ongoing work 
at Grassridge rock shelter is an initial step in evaluating 
the nature of these occupational pulses, and aims to shed 
light on the nature of adaptation and mobility in the 
highland grasslands. This research also provides a starting 
point for comparisons of Pleistocene and Holocene life-
ways across the coastal, montane, and arid central interior 
regions of southern Africa—ultimately contributing to our 
understanding of socio-cultural networks across biogeo-
climatic zones and their relationship to palaeoenviron-
mental changes through time.
In this paper, we present the chronostratigraphic frame-
work for Grassridge along with characterisation of the sed-
imentary sequence. The objective is to integrate biogenic 
silica microfossil data, particularly from phytoliths, with 
stratigraphic, geochronological, and sedimentological 
data to discuss the anthropogenic, geogenic, and biogenic 
contributions to site formation, as well as the palaeoenvi-
ronmental context of the Late Pleistocene and Holocene 
occupational sequence.
2. Grassridge Rock Shelter and the Stormberg 
Region
Grassridge rock shelter is located 1500 metres above mean 
sea level (masl) in the grassland foothills of the Stormberg 
Mountains in the Eastern Cape of South Africa (Figure 1). 
Figure 1: Grassridge shelter (star) and relevant other archaeological sites in relation to modern vegetation bioregions 
(Mucina & Rutherford 2006); the inset shows the approximate locations of the Drakensberg Mountains (DM), the 
Orange River Scheme area (OR), the Cederberg Mountains (CM), and the Cradle of Humankind (CH). Figure produced 
by Christopher Ames.
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Situated approximately 200 km from the Indian Ocean 
coastline, the Stormberg region is the southwestern 
extent of the Grassland biome, and close to intersections 
with the Nama-Karoo biome, a variety of coastal biomes 
to the south and southeast, as well as the Drakensberg 
Mountains to the northeast. The area receives 400–600 
mm/year of precipitation, which falls primarily in aus-
tral summer from October–May. Temperatures exceed 
30°C in summer and regularly drop below freezing in 
winter with frequent frosts (Hoare &  Bredenkamp 2001; 
Opperman 1987; Sampson 1970). Elevation increases 
from southwest to northeast across the region, from 
approximately 1200–1800 masl, and is positively corre-
lated with rainfall and negatively correlated with tempera-
ture (Hoare & Bredenkamp 2001).
Grassridge is a large, curving shelter scoured into the 
western rock face at the top end of a small steep-sided 
valley (Figure 2). The shelter faces southeast with an 
opening approximately 40 m wide and is 10 m deep from 
the dripline to back wall. The height varies from 6–7 m at 
the dripline but narrows to less than 1 m at the back wall. 
Small quantities of water currently seep into some areas 
at the back of the shelter, as well as dripping from the roof 
in isolated areas. The curving nature of the shelter sug-
gests it formed by water scouring an alcove into weaker 
strata of the Clarens Formation (Grab 2015; Castro & 
Bell 1995; Kitching & Raath 1984), which is a Triassic 
sandstone that along with the underlying Molteno and 
Elliot Formations represent the Stormberg Group (Karoo 
Supergroup) characteristic of the regional geology (Bordy 
& Catuneanu 2002; Bordy & Eriksson 2015; Smith 1990). 
Dolerite outcrops regularly cap this sequence across the 
landscape, formed by intrusive Jurassic dykes, sills, and 
inclined sheets (Chevallier & Woodford 1999; Coetzee & 
Kisters 2016). The dolerite intrusion is archaeologically 
relevant, as contact metamorphism created large quan-
tities of hornfels (Aarnes et al. 2011)—a common raw 
material used for manufacturing stone tools in the local 
Middle and Later Stone Age sequence (Collins, Wilkins & 
Ames 2017; Opperman 1987).
The Stormberg Mountains emerge from the neighbour-
ing plains to the south and west at roughly 1200 masl and 
encompasses the divide between the Orange River and 
Great Kei River watersheds. Tributaries in the southern 
Stormberg form the headwaters of the Black and White 
Kei Rivers, which merge into the Great Kei approximately 
80 km southeast of Grassridge. The Stormberg Plateau 
and gentler northern slopes primarily drain northward 
into the Crow (Kraai) River—a substantial tributary that 
meets the Orange River east of Aliwal North. Grassridge is 
located at the upper reaches of the White Kei River along 
the Grootvleispruit drainage, and is less than 20 km from 
the divide with the Orange River watershed.
Following the classification of Mucina and 
Rutherford (2006), the high altitude plateau in 
the northern Stormberg is part of the Drakensberg 
Grassland bioregion consisting predominantly of 
the Stormberg Plateau Grassland with patches of the 
Southern Drakensberg Highland Grassland increas-
ing in frequency to the east as elevation and rainfall 
increase. The former vegetation type occurs on the 
flat to undulating landscapes above ~1500 masl and 
is represented by grassland with a strong dwarf shrub 
component, whereas the latter is characterised by 
dense tussock grasslands on the highest mountain 
peaks and ridges. Although C4 grasses  dominate the 
Stormberg region, the higher elevations sustain many 
C3 grasses (e.g., Koeleria capensis, Merxmuellera disti-
cha, M.  drakensbergensis, Helictotrichon turgidulum and 
Pentaschistis microphylla).
Figure 2: Plan of Grassridge shelter identifying the location of profile B-C 2/3 (bold orange line) and a photo of Grass-
ridge shelter looking to the north; the dashed white line is the approximate location of the overhang and the white 
arrow points to the opening behind the vegetation (note vehicle—black arrow). Figure produced by Christopher 
Ames. Photo credit: GAPP 2014.
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The southern portion of the Stormberg, where Grassridge 
is located, lies within the Sub-Escarpment Grassland biore-
gion. Here, gently undulating plains between 760–1580 
masl consist of grassland to open thornveld dominated 
by the grass genera Cymbopogon, Elionurus, Ergagrostis, 
Artistida, and Themeda—known as the Tsomo Grassland. 
Non-grass vegetation includes herbs of the Asteraceae 
family (e.g., Aster bakerianus and Berkheya onoparioides) 
and a number of shrubs (e.g., Felicia muricata, Senecio 
burchelli, and Euryops fluribundus). Hillslopes and more 
moderate elevation ridges and hills, particularly those 
impacted by dolerite intrusion, are classified as Tarkastad 
Montane Shrubland (Mucina & Rutherford 2006), which 
consists of low, semi-open mixed shrubland. Small trees 
and shrubs are common here (e.g., Acacia karoo, Cadaba 
aphylla, Dyospiros austroafricana, Tarchonanthus minor, 
and Rhus burchelli), as well as a number of succulents 
(e.g., Aloe ferox) and C4 grasses. Grassridge is within the 
Tarkastad Montane Shrubland in close proximity to the 
Tsomo Grassland, which dominates the surrounding 
undulating plains and valley bottoms.
To the south and southeast of Grassridge there are 
short-distance changes in grassland type, which are cor-
related with elevation and temperature, and influenced 
by the west to east increase in rainfall. Moreover, within 
50 km to the northwest and southeast of the rock shelter 
the landscape transitions into Nama-Karoo and coastal 
Savanna biomes respectively. Grassridge is thus located 
at an important biogeoclimatic intersection and the local 
vegetation community would have been sensitive to 
 palaeoenvironmental change.
3. Previous Research at Grassridge
Grassridge was initially excavated in 1979 (Opperman 
1988, 1984). This work was conducted as part of a larger 
study of Later Stone Age (LSA) occupation in the Drakens-
berg region (Opperman 1987), and the primary study area 
was ~100 km to the east, with excavations at Ravenscraig, 
Colwinton, Te Vrede, and Bonawe rock shelters. The aim 
was to evaluate changes in subsistence practices along an 
altitudinal gradient between the Drakensberg Mountains 
and foothills. Grassridge was considered a comparative 
control sample located in a separate environment.
The original excavation at Grassridge consisted of 
a 2 × 3 m trench near the back wall in the southwest 
portion of the shelter (Figure 2). Opperman separated 
the 1.5 m stratigraphic sequence into two major compo-
nents: a 50–70 cm thick LSA component divided into five 
occupational layers dating from 7–6 ka, and an underly-
ing 50–80 cm thick Middle Stone Age (MSA) component 
divided into three occupational layers attributed to the 
Late Pleistocene by a single date of roughly 36 ka near 
bedrock (Figure 3). Although he noted there were no 
culturally sterile layers in the sequence, he argued there 
was a break between the MSA and LSA indicated by 
the compact nature of the MSA sediment compared to 
the loose, ashy LSA sediment. Opperman hypothesized 
that the shelter was uninhabited for thousands of years 
across this boundary during the Last Glacial Maximum 
(LGM) (Opperman 1987).
Nearly 10,000 stone artefacts were recovered from the 
MSA occupation layers (KGS, VGS, and GS), as well as a small 
assemblage of well-preserved faunal material that included 
the occasional fragment of ostrich eggshell (Opperman 
1988). The stone artefacts—dominated by plain platform, 
unmodified hornfels flakes and blades—were typologi-
cally and metrically similar across all three layers. The 
small retouched piece component consisted of laterally 
retouched blades, points, scrapers, and retouched flakes. 
Twelve cores were recovered, but no technological detail 
is provided. The total minimum number of individuals 
reported for the faunal assemblage is only 15, but the data 
hints to a preference for medium to large antelope species 
such as hartebeest and wildebeest (Opperman 1988).
Figure 3: Stratigraphic drawing (scale in cm; modified from Opperman 1984: Figure 3) and photo of the B-C 2/3 profile 
from the 1979 Excavation at Grassridge. Photo credit: H. Opperman 1979; reproduced with permission.
Ames et al: Chronostratigraphy, Site Formation, and Palaeoenvironmental Context of Late 
Pleistocene and Holocene Occupations at Grassridge Rock Shelter (Eastern Cape, South Africa)
Art. 5, page 5 of 19
The five LSA layers (LBS, AS, HSK, BR, and VB) pro-
duced large quantities of stone artefacts and faunal 
remains, along with some modified bone and shell 
objects (Opperman 1987, 1984). Relative to other sites in 
the neighbouring grassland regions, Grassridge produced 
significant quantities of ostrich eggshell (OES) beads, 
both complete and broken, as well as unmodified OES 
fragments. The presence of backed segments, small con-
vex scrapers, and single platform cores suggests affilia-
tion with the mid-Holocene Wilton technocomplex. There 
is some change in lithic technology throughout the LSA 
sequence, with the lower layers (LBS and AS) being char-
acterised by larger, elongated side and end scrapers, and 
the upper layers (HSK, BR, and VB) containing shorter, 
broader end scrapers. In addition, the faunal assemblage 
indicates a change in subsistence strategy from predomi-
nantly medium-large antelope species in the lower  layers 
to predominantly small-medium game species in the 
upper layers.
The GAPP team revisited the shelter in 2014 to relo-
cate the original excavation, reanalyse the stratigraphic 
sequence, and initiate new excavations. Many of the 
broad patterns identified by Opperman for the LSA 
are being confirmed, as well as new discoveries such as 
perforated Nassarius shells—a marine species that indi-
cates interaction with the coastal zone—and a previ-
ously unknown terminal Pleistocene occupation (Collins, 
Wilkins & Ames 2017). Analysis of the newly excavated 
MSA and LSA materials is ongoing and those results will 
be presented elsewhere. Here we focus on the findings 
of our chrono-stratigraphic reanalysis of the 1979 strati-
graphic sequence, including a multi-proxy site formation 
analysis and palaeoenvironmental reconstruction of the 
occupational sequence.
4. Methods
4.1. Field recording and sampling
In 2014, the GAPP team identified the original excava-
tion at Grassridge and removed all backfill. The northern 
stratigraphic section—profile B-C 2/3—was scraped clean 
and reanalysed in detail (Figure 2). The objective of this 
reanalysis was to identify the smallest macroscopically vis-
ible strata, which are referred to here as stratigraphic units 
(SUs). SUs were marked with tags pinned to the section 
and they represent sedimentological layers, soil horizons, 
and/or anthropogenic features. Photographs were taken 
of each SU and standard soil and sedimentological proper-
ties recorded (Schoenenberger et al. 2002). A new strati-
graphic sketch was produced and all SU boundaries were 
documented using a total station referenced to the origi-
nal 1979 excavation grid system. Bulk sediment samples 
were collected from all layers of sufficient thickness for 
laboratory characterisation and microbotanical analyses. 
Intact charcoal fragments were collected for radiocarbon 
dating when encountered, and the excavation trench was 
reopened in 2018 to collect a series of optically stimulated 
luminescence (OSL) dating samples. Based on laboratory 
and geochronological results, SUs are grouped into 
lithostratigraphic zones (LZs), which represent major geo-
genic or anthropogenic changes in the depositional his-
tory of Grassridge. This study focuses on the chronostrati-
graphic framework, palaeoenvironmental context, and 
site formation processes of the Grassridge LZs. SUs can 
be sub-divided into micro-facies through the analysis of 
thin sections (e.g., Miller et al., 2013), but the microstrati-
graphic analysis of the Grassridge sequence is ongoing 
and will be presented elsewhere.
4.2. Geochronology
Twelve intact individual charcoal fragments were sent 
for radiocarbon dating by accelerator mass spectrometry 
(AMS) to two different laboratories. Two samples were 
dated at Beta Analytic Inc. (Beta) and 10 samples were 
dated at the University of California Irvine (UCI), both in 
the USA. These 12 new ages are combined with previously 
published 14C ages sampled from the B-C 2/3 stratigraphic 
sequence. Pre-existing ages include three obtained by 
GAPP from the Centre for Accelerator Mass Spectrometry 
(CAMS) in Berkeley, USA (Collins, Wilkins & Ames 2017), 
and two dates from the Pretoria laboratory in South Africa 
obtained by Opperman following the 1979 excavation 
(Opperman 1984). All 17 radiocarbon ages were cali-
brated in OxCal 4.3 (Bronk Ramsey & Lee 2013) using the 
SHCal13 calibration curve (Hogg et al. 2013).
Eight samples were processed for single-grain OSL 
dating to establish the age of the lowermost deposits, and 
to provide an independent comparison with the radiocar-
bon results that were anticipated to approach the prac-
tical limit of the technique. OSL samples were collected 
from the lower two-thirds of the B-C 2/3 profile in 2018 
by hammering 4 cm diameter opaque stainless steel tubes 
into the cleaned section. Quartz grains of 150–180 and 
180–212 µm diameter were extracted from the sediment 
samples under dim red illumination using standard pro-
cedures (Gliganic et al. 2017; Wintle 1997). Equivalent 
dose (De) values were measured using the single-aliquot 
regenerative dose (SAR) procedure (Murray & Wintle 
2000) with natural/regenerative dose and test doses of 
220°C for 10 s and 200°C for 5 s, respectively. De distribu-
tions were modelled using the central age model (CAM; 
Galbraith et al. 1999) and the finite mixture model (FMM; 
Roberts et al. 2000) following Gliganic et al. (2015). Dose 
rates were estimated using a combination of GM-25-5 
beta counting, thick source alpha counting, and cosmic 
dose rate calculation (Prescott & Hutton 1994). Additional 
details regarding measurement parameters, dose recovery 
experiments, statistical models, and dose rate measure-
ments and calculations are provided as supplementary 
material (Supplementary file 1).
4.3. Sedimentological analyses
Bulk sediment samples were first sieved into coarse 
(>2 mm) and fine (<2 mm) fractions. Coarse fractions 
were sorted into charcoal, cultural (i.e., stone artefacts, 
faunal remains, ochreous rock), and non-cultural com-
ponents and weighed. Fine fractions were sub-sampled 
for pH determination, loss-on-ignition, grain size meas-
urement, and mineralogical characterisation. Soil pH 
was measured in water by electronic metre using a 
sediment to water ratio of 1:2 (Hendershot, Lalande & 
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Duquette 1993). Organic carbon content was estimated 
using loss-on-ignition (LOI) following the methods out-
lined in Dean (1974), Heiri et al. (2001), and Santisteban 
et al. (2004). One gram of oven-dried sample (105°C for 
12 hours) was combusted in a muffle furnace at 550°C 
for four hours; the percentage weight loss is proportional 
to the organic carbon content. Mineralogical characteri-
sation of the samples was achieved with x-ray diffraction 
(XRD). One gram sub-samples were ground into powder 
using an agate mortar and pestle and then analysed with 
a GBC MMA x-ray diffractometer with solid state detec-
tor. Peaks in the resulting spectra were identified using 
TRACES and analysed using SIROQUANT software to 
establish the relative volumetric proportions of the dif-
ferent minerals present. Lastly, one gram sub-samples 
were taken for grain size analysis and treated with 10% 
HCl to remove carbonates, followed by successive cold 
and heated 30% H2O2 treatments to remove organic mat-
ter (Sheldrick & Wang 1993). Particle size distributions 
were determined for the pre-treated samples using a 
Malvern Mastersizer 2000 with active sonication—distri-
butions were produced in triplicate for each sample and 
an average distribution calculated.
4.4. Microbotanical analysis
Biogenic silica microfossils were extracted from approxi-
mately 15 g of bulk sediment fine fraction. Sample extrac-
tion procedures follow those of Joines (2011), which com-
bines aspects discussed in Lentfer & Boyd (1998) and Zhao 
& Pearsall (1998). Samples were first sieved through 125 
µm mesh and 1 g of the <125 µm fraction was treated 
with 30% HCl to remove carbonates. The carbonate-free 
samples were washed for 10 seconds in 10% KOH, and 
then clays were deflocculated by adding a 0.5% solution 
of NaPO3. Samples were neutralised with deionized water, 
centrifuged, and the supernatant decanted between all 
steps. Finally, biogenic silica microfossils were isolated 
by flotation using a heavy-liquid solution of sodium 
polytungstate (2.3 g·cm–3) and extracted from the sam-
ple supernatant by pipette, oven dried, and mounted on 
microscope slides using Canada balsam for identification 
and counting.
Results of the biogenic silica extractions are presented in 
summary format and include overall proportions of phyto-
liths, diatoms, and sponge spicules (Supplementary file 3). 
Taphonomic indicators are also provided, including the pro-
portion of damaged phytoliths, the concentration of recov-
ered phytoliths per gram of sediment, and the abundance 
of husk phytoliths. The first category relates to preservation, 
whereas the latter two are indicative of anthropogenic con-
tributions such as intensity of occupation and the storage 
or processing of seeds or grain respectively (Piperno 2006). 
Phytolith morphotypes are examined in further detail, 
focusing on key ratios of palaeoecological and palaeocli-
matic significance. These include the ratio of graminoids 
(e.g., grasses and sedges) to non-graminoids (i.e., dicots), 
woody (ligneous dicotyledon) plants to grasses (Poaceae), C3 
to C4 diagnostic grass silica short cells (GSSCs), and the more 
mesic Panicoideae C4 GSSCs to the more drought-resistant 
Chloridoideae C4 GSSCs (Supplementary file 3). Biogenic 
silica and sedimentological data are plotted using C2 Version 
1.7.7 software (Juggins 2014).
5. Results
5.1. The Grassridge stratigraphic sequence
Stratigraphic reanalysis of units B and C along the 2/3 
line (Figure 2) allows comparison with the published 
1979 stratigraphic divisions (Opperman 1984). Other than 
collapsed corners, the profile was in good condition and 
many observed features could be matched to the original 
sketch, such as ashy patches and charcoal-rich lenses. No 
wall tags remained from the 1979 excavation, but by com-
parison with historical photographs, the original sketch, 
and sedimentary descriptions (Opperman 1988, 1987, 
1984), it was possible to identify the approximate bound-
aries of the 1979 stratigraphic divisions (Figure 4).
The GAPP stratigraphic reanalysis identified finer 
layering in the sequence than previously reported 
(Figure 5). Moreover, we identified a sharp discontinuity 
in the sequence signalled by a sloping carbonate crust that 
splits the profile into a lower and upper sequence. These 
two LZs have been previously noted in the Grassridge 
sequence and referred to as Zones II and I respectively 
(Collins, Wilkins & Ames 2017). For this study, Zone I has 
been further divided into two zones. To maintain consist-
ency with previously published terminology these new 
divisions are referred to as Zones Ib and Ia, although they 
are distinct and should not be viewed as sub-divisions.
LZ II consists of 23 individual SUs and is characterised by 
45–85 cm of yellowish brown to dark yellowish brown silty 
sands and sandy silts supporting relatively high quantities 
of medium to coarse sandstone gravels. Stone tools are vis-
ible in the profile throughout LZ II and there are multiple 
charcoal-rich stringers and lenses. A wedge-shaped mass 
of very coarse sandstone gravels and medium-sized mud-
stone boulders (SUs 40 and 43) is present in the lower left, 
which sandwich two thin layers of sediment and charcoal 
(SUs 41 and 42). This entire LZ is capped by a thin, weakly 
laminated carbonate crust (SU 29).
LZs Ib and Ia are noticeably richer in cultural remains 
than LZ II. Zone Ib is only 5–10 cm thick, comprising 
five SUs that rest uncomformably atop LZ II. The only SU 
to extend laterally across the entire LZ Ib sequence is a 
yellowish brown to dark yellowish brown silty sand with 
low quantities of fine gravel (SU 25). There is also a sharply 
defined light grey to pale brown homogeneous ash fea-
ture (SU 23) interdigitated with and overlying a series of 
charcoal-rich lenses (SUs 22, 24, 26).
An abrupt transition separates LZ Ib from LZ Ia. Zone Ia 
contains 21 SUs and comprises 35–60 cm of deposit. The 
sediments consist predominantly of thick, light greyish 
brown to pale brown sandy silts to silty sands (SUs 1, 2, 4–6, 
8, 10, 14, 16–18, 20, and 21). These deposits are ashy and 
contain abundant scattered charcoal pieces, burnt and cal-
cined bone fragments, and stone artefacts. Regular thin lay-
ers of reddish brown to dark brown sediment transect these 
ashy deposits (SUs 3, 7, 9, 11, and 19), and there is a clearly 
defined thick lens of pale brown to light grey homogeneous 
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Figure 4: Photograph of the B-C 2/3 stratigraphic sequence with overlay of 1979 divisions and GAPP lithostratigraphic 
zones (large red segments of scale bars are 10 cm). Figure produced by Christopher Ames. Photo credit: GAPP 2014.
Figure 5: GAPP stratigraphic drawing of the B-C 2/3 profile showing numbered stratigraphic units, lithostratigraphic 
zones, and sample locations. Figure produced by Christopher Ames.
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ash (SU 13) that caps a thin, loose, dark brown to black silty 
loam (SU 15) in the lower third of the LZ.
Comparing the 1979 boundaries with the stratigraphic 
reanalysis shows that the AS-LBS boundary sits slightly 
above the Zone Ib-Ia boundary (Table 1; Figure 4). There 
is also some uncertainty regarding how the Zone II-Ib 
boundary corresponds to the 1979 stratigraphic divisions. 
In the original B-C 2/3 drawing, a hardened ash layer 
cuts through the approximate centre of LBS. Opperman’s 
description of the hardened ash feature is most consist-
ent with the carbonate crust capping Zone II (Opperman 
1987). Moreover, the black lens marked in the lower right-
hand portion of LBS on the original sketch (see Figure 3) 
aligns with a distinct charcoal-rich lens visible in the pro-
file photo (Figure 4). Together, this evidence suggests 
that the LBS lower boundary defined in 1979 may cross 
the profile slightly below the carbonate crust that marks 
the Zone II-Ib boundary in the revised scheme.
5.2. Geochronological results
5.2.1. Radiocarbon ages
Of the twelve new radiocarbon ages, five are from LZ II 
and seven fall within LZ Ia (Table 2). The oldest mean age 
is 39.2k cal a BP from SU 39 (UCI-209050) and the young-
est is 6.81k cal a BP from SU 1 (UCI-209041) only a few 
centimetres below the surface. Although not a linear age-
depth sequence, all twelve mean ages are in stratigraphic 
order except for the samples from SU 16 and 18—7.36k cal 
a BP and 7.24k cal a BP respectively. Yet, these two ages 
do overlap at the 2σ confidence interval and should be 
considered coincident. The three previously published 
Holocene ages of 7.06k cal a BP (CAMS-170784), 7.92k cal 
a BP (Pta-2970), and 11.6k cal a BP (CAMS-170783) are 
in line with the expanded chronological sequence, as is 
the 45.3–35.1k cal a BP date (CAMS-169741) when con-
sidering the large confidence interval. The radiocarbon 
age of 42.4–39.4k cal a BP (Pta-2714) originally reported 
Table 1: Stratigraphic descriptions following the 1979 excavation (Opperman 1988, 1987, 1984) in relation to the 








VB Compact brown ashy loam 1, 2, 3
Ia
A sequence of horizontal fine sandy silts, alternating 
between 5–10 cm thick layers of grey, ashy, artefact-
rich sediment and thin (1–3 cm) rubefied layers. Indi-
vidual layer boundaries are clear to gradual. Within 
this zone is a 2–5 cm thick massive, creamy white ash 
layer that sits atop a 3–5 cm thick loose,  charcoal-rich 
layer. The lower boundary of the zone is abrupt. 
Artefacts are abundant throughout, including lithics, 
ochre, and shell, but dominated by burnt and calcined 
bone fragments.
BR
Loose very dark sandy loam mixed 
with patches of white ash
5, 4, 6, 7, 8, 9
HSK
Dark brown sand with abundant 
 faunal remains, lithics, and  charcoal 
with the highest frequency of 
formal tools
10, 11, 14, 12, 13
AS
Thin layer of loose, fine, ashy sands 
with greater artefact frequency 
than LBS
15 and part of 16
LBS
Dark brown to black fine sandy layer 
with the top and bottom consisting of 
hardened ash horizons and containing
relatively little cultural material
part of 16 and 
17, 18, 19, 20, 21
22, 23, 24, 26, 25 Ib
A thin horizontal yellowish brown fine sandy silt layer 
containing a 1–5 cm thick and 1 m wide deposit of 
massive, creamy white ash intercalated with a charcoal-
rich lens. Rubification of the fine sandy silts underlying 
this combustion feature is noted. The lower boundary 
slopes toward the dripline and is demarcated by an 
unconformity. All artefact types are present, but in 
lower frequency than the overlying zone.
29, 30, 33 and 
part of 31, 32, 34
II
Gently sloping dark brown to dark yellowish brown 
silty fine sands supporting frequent small to medium 
size gravels. The top of the sequence is marked by a 
1–3 cm thick carbonate crust, which is weakly lami-
nated and thickest toward the dripline.  Charcoal-rich 
stringers (1–3 cm thick) are common, with some 
spanning the width of the profile. Multiple clearly 
defined charcoal-rich lenses are also present, and there 
is a wedge of deposit with more common and larger 
gravels at the western edge of the profile. The base of 
the sequence rests on bedrock. Stone artefacts occur 
in similar frequency as the overlying zone, but faunal 
remains are extremely rare.
GS
Compact brown sand with much 
higher frequency of lithics than the 
underlying layers, but bone fragments 
are rare
Part of 31, 32, 
34, and 49, 36, 
35
VGS
Light brown sand with similar cultural 
remains as KGS, but fewer bone 
 fragments
37, 38, 39, 50, 51
KGS
Hardened brown sand overlying 
bedrock containing lithics, charcoal 
pieces, and bone fragments 
40, 41, 42, 43, 
44, 45, 46, 47, 48
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from near the base of the B/C 2–3 sequence is older and 
stratigraphically below all other 14C samples. In conjunc-
tion with the OSL results below, there is justification for 
accepting the date as valid despite it approaching the 
practical limit of radiocarbon dating.
5.2.2. Optically stimulated luminescence ages
Single-grain dose recovery experiments were performed 
using sample GRS 6. Grains were bleached with blue LEDs 
for 100 s twice before given a surrogate natural dose of 46 
Gy in the Risø TL/OSL reader. The measured/given dose 
ratio of 1.05 ± 0.03 with 0% overdispersion is consistent 
with unity at 2σ, indicating that the SAR procedure is 
appropriate for estimating known radiation doses.
Eight OSL samples were processed from the lower 
two-thirds of the stratigraphic sequence (Tables 3 and 
4). One sample is from LZ Ib, with the remaining seven 
spread across LZ II. As overdispersion values are gener-
ally high for all samples, only two were best fit by the 
FMM. The oldest OSL age is 43.1 ± 4.8 ka from SU 47 
near bedrock, with the youngest OSL age of 13.5 ± 1.0 
ka coming from SU 25 at the base of LZ Ib immediately 
Table 2: Conventional and calibrated 14C age estimates on charcoal from the B-C 2/3 sequence (LZ = lithostratigraphic 
zone; SU = stratigraphic unit). Age calibrations with OxCal v 4.2.3 (Bronk Ramsey & Lee 2013) using the SHCal13 
(Hogg et al. 2013) calibration curve.








k cal a BP 
(95.4%)
x̅ age
k cal a BP
Reference
UCI-209041 Ia 1 VB* 6015 ± 15 6.89–6.74 6.81 this paper
UCI-209042 Ia 1 VB* 6040 ± 15 6.91–6.75 6.84 this paper
Pta-2970 Ia 3* VB 6090 ± 80 7.16–6.72 6.92 Opperman, 1984
UCI-209043 Ia 5 BR* 6085 ± 15 6.96–6.80 6.89 this paper
UCI-209044 Ia 8 BR* 6100 ± 15 6.99–6.80 6.91 this paper
CAMS-170784 Ia 10 HSK* 6200 ± 35 7.17–6.94 7.06 Collins et al., 2017
UCI-209045 Ia 15 HSK* 6355 ± 25 7.31–7.17 7.23 this paper
Beta-532051 Ia 16 AS* 6470 ± 30 7.42–7.23 7.36 this paper
Beta-532052 Ia 18 AS* 6360 ± 30 7.32–7.17 7.24 this paper
CAMS-170783 Ib 22 LBS* 10125 ± 50 12.0–11.4 11.6 Collins et al., 2017
UCI-209046 II 30 LBS* 24170 ± 190 28.6–27.8 28.2 this paper
UCI-209047 II 31 LBS* 32120 ± 240 36.5–35.4 36.0 this paper
UCI-209048 II 49 GS* 32710 ± 260 37.6–36.0 36.7 this paper
UCI-209049 II 37 VGS* 33830 ± 300 38.9–37.2 38.2 this paper
UCI-209050 II 39 VGS* 34720 ± 330 40.0–38.5 39.2 this paper
CAMS-169741 II 33 LBS* 35000 ± 2200 45.3–35.1 40.0 Collins et al., 2017
Pta-2714 II 44 KGS 36380 ± 870 42.4–39.4 40.9 Opperman, 1984
* Best approximation based on the identification of Opperman’s layers during stratigraphic reanalysis.











GRS 1 15.3 0.56 ± 0.02 0.89 ± 0.05 0.03 ± 0.00 1.51 ± 0.09
GRS 6 15.2 0.84 ± 0.02 1.31 ± 0.07 0.03 ± 0.00 2.21 ± 0.13
GRS 7 12.9 0.90 ± 0.02 1.36 ± 0.07 0.02 ± 0.00 2.32 ± 0.13
GRS 8 10.4 0.88 ± 0.02 1.43 ± 0.07 0.02 ± 0.00 2.36 ± 0.14
GRS 9 7.5 0.82 ± 0.03 1.15 ± 0.06 0.02 ± 0.00 2.02 ± 0.12
GRS 11 20.9 0.57 ± 0.01 0.90 ± 0.05 0.03 ± 0.00 1.53 ± 0.09
GRS 12 6.1 0.69 ± 0.02 1.07 ± 0.05 0.03 ± 0.00 1.82 ± 0.11
GRS 13 8.8 0.73 ± 0.02 1.14 ± 0.05 0.03 ± 0.00 1.92 ± 0.11
* Ages calculated using a water content of 12.1 ± 4.0%.
** GRS 9 gamma dose rate includes contribution from underlying bedrock (8 cm below).
*** Includes an internal contribution of 0.03 ± 0.01 Gy/ka.
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above the carbonate crust. All OSL ages are in chronologi-
cal sequence and align well with the eight overlapping 
14C dates—both OSL and 14C ages follow indistinguishable 
age-depth  patterns and are statistically consistent at 1σ 
or 2σ (Figure 6; Tables 2 and 3).
5.3. Zone II sediments (approximately 43–28 ka)
OSL and radiocarbon dates indicate gradual deposition of 
Zone II between approximately 43 ka and 28 ka—a sedi-
mentation rate of approximately 0.06 mm/year based on a 
maximum thickness of 85 cm and median ages. Sediments 
are slightly sandier in this LZ with notably higher coarse 
fractions (Figure 6). The proportion of gravel is highest in 
SU 44, which is the thickest unit of the entire sequence 
and the layer encasing the wedge of very coarse gravels 
and boulders. A similar pattern is observed for pH, with 
values of 8.3 at the bottom and top of LZ II, and higher 
values up to 8.8 in the centre of the zone. Other sedimen-
tological variables have consistent values throughout the 
LZ, with changes primarily occurring near the uppermost 
boundary. Charcoal abundance, artefact concentration, 
organic carbon content, and the proportion of iron-bear-
ing minerals all increase at this upper boundary, which 
is capped by a thin, weakly laminated calcium carbonate 
crust, while the >2 mm grain size content and the propor-
tion of sand decrease over this time.
5.4. Zone Ib sediments (approximately 13.5–11.6 ka)
LZ Ib is restricted to only five SUs, only one of which 
(SU 25) crosses the entirety of the studied sequence 
(Figure 5). The other four SUs relate to interdigitated 
deposits indicative of combustion features (SUs 22, 23, 
Table 4: Equivalent dose and age data for OSL samples from the B-C 2/3 sequence. (LZ = lithostratigraphic zone; 







Grain size (µm) n= OD (%) Age Model FMM 
OD
De (Gy) Age (ka)
GRS 1 Ib 25 LBS 180–212 81 27 ± 4 CAM 20.3 ± 0.9 13.5 ± 1.0
GRS 12 II 32 LBS 150–180 168 49 ± 3 FMM, k = 2 38 57.6 ± 2.7 31.6 ± 2.5
GRS 13 II 34 GS 150–180 82 42 ± 5 CAM 65.9 ± 3.8 34.3 ± 2.9
GRS 6 II 38 VGS 180–212 69 50 ± 7 CAM 76.1 ± 6.5 34.4 ± 3.6
GRS 7 II 44 KGS 180–212 60 50 ± 9 CAM 81.9 ± 8.2 35.3 ± 4.1
GRS 8 II 45 KGS 150–180 + 180–212 84 45 ± 6 CAM 86.0 ± 6.1 36.4 ± 3.4
GRS 11 II 32/49 GS 150–180 144 34 ± 3 CAM 57.5 ± 1.9 37.6 ± 2.6
GRS 9 II 47 KGS 180–212 65 89 ± 10 FMM, k = 2 58 87.2 ± 8.0 43.1 ± 4.8
Figure 6: Schematic of the Grassridge sequence with geochronological results and sedimentological properties. Figure 
produced by Christopher Ames.
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24, 26).  Importantly, boundaries between the top of LZ 
Ib and the overlying sediments are all abrupt. The base 
of SU 25 dates to 13.5 ± 1.0 ka, whereas the overlying 
charcoal-rich lens (SU 22) that marks the top of the zone 
dates between 12.0–11.4k cal a BP. Using median ages 
and a maximum zone thickness of 10 cm, the sedimen-
tation rate for LZ Ib is 0.05 mm/year. Despite a similar 
sedimentation rate to that determined for LZ II, the 
carbonate crust and overlying unconformity separating 
LZ II and Ib together represent approximately 15 kyr.
Only two bulk sediment samples from SU 25 and SU 23 
were analysed from LZ Ib. There is relatively low charcoal 
abundance in their coarse fractions, but the artefact con-
centrations are relatively high. Both samples are silty sands 
with pH values of 8.3 and 8.7, and both contain small 
amounts of fine gravel. There is a pronounced decrease 
in iron oxide content from the yellowish brown SU 25 to 
the pale grey brown, ashy SU 23. Calcite content is notably 
higher than in the underlying layers, including a promi-
nent peak associated with the homogeneous ash layer.
5.5. Zone Ia sediments (approximately 7.3–6.8 ka)
LZ Ia is unconformable with the underlying LZ Ib 
sediments. Charcoal from SU 18, which sits immediately 
on top of the 12.0–11.4k cal a BP charcoal-rich lens from 
LZ Ib, dates between 7.32–7.17k cal a BP. These dates indi-
cate a 4–5 kyr unconformity between LZ Ib and Ia. At 
the top of LZ Ia, only 2.5 cm below the surface, charcoal 
from SU 1 dates between 6.89–6.74k cal a BP. Median ages 
plus a maximum thickness of 60 cm indicate accumula-
tion of this zone over approximately 550 years, which is a 
 relatively rapid sedimentation rate of 1.1 mm/year.
The sediments are rich in cultural remains—both char-
coal and artefacts—and slightly finer than those in the 
underlying zones. Grain size distributions of the SUs 
hover at the boundary between sandy silts and silty sands, 
with the former being slightly more common. Fine grav-
els occur in low proportions throughout. The pH values 
gradually decline toward the surface, with values of 8.6 
near the bottom of LZ Ia and 7.9 to 8.3 closer to the sur-
face. Organic carbon and iron oxide contents are relatively 
stable throughout the zone, and calcite content increases 
toward the surface, from 12–15% at the base up to 
31–40% at the top.
5.6. Phytoliths and other biogenic silica microfossils
Phytolith preservation is highly variable across the 
sequence, with the samples in LZ Ia and LZ Ib having the 
best preservation and consequently the higher concen-
trations (Figure 7). SU 17 in LZ Ia, however, did not have 
Figure 7: Stratigraphic presentation of phytolith ratios and taphonomic indicators, as well as the proportions of 
 recovered diatoms and sponge spicules. Figure produced by Christopher Ames.
Ames et al: Chronostratigraphy, Site Formation, and Palaeoenvironmental Context of Late 
Pleistocene and Holocene Occupations at Grassridge Rock Shelter (Eastern Cape, South Africa)
Art. 5, page 12 of 19
enough diagnostic short cells to be included in the Pani-
coideae to Chloridoideae ratio. In LZ II, SU 31 did not pro-
duce any biogenic silica microfossils, and the lower sample 
from SU 44 did not produce enough diagnostic short cells 
to be included in the GSSC ratios (Supplementary file 3).
In the recovered samples from LZ II, graminoids domi-
nate the signal and C3 types dominate the grass phyto-
liths—C3 to C4 ratios are in the range of 6:1 and reaching 
as high as 16:1 (Figure 7). Of the identifiable C4 grasses, 
the drought-resistant Chloridoideae are slightly more 
abundant with Panicoideae to Chloridoideae ratios at or 
below one. Diatoms are present in low levels throughout, 
whereas sponge spicules are more abundant in the lower 
SUs of LZ II, and relatively sparse toward the upper bound-
ary. Husk phytoliths appear in the uppermost part of LZ 
II, which coincides with increased charcoal and artefact 
concentrations in the coarse fraction.
Phytoliths are relatively well preserved in LZ Ib and 
have slightly lower rates of damage than the underly-
ing zone. Graminoids are close to even in abundance 
with non-graminoids, having ratios of 1.3 and 0.80 for 
SU 25 and 23 respectively. Woody plants—indicated by 
the presence of spherical phytoliths—are more common 
than in LZ II. C3 types are most abundant in the identifi-
able grasses, although significantly less so than in LZ II, 
with C3 to C4 ratios of 3:1 and 1:1. Of the C4 grasses, the 
mesic Panicoideae are most abundant as the Panicoideae 
to Chloridoideae ratio is 2.0 for SU 25 and 6.0 for SU 23. 
Zone Ib has the highest proportion of husk phytoliths and 
diatoms for the entire sequence, with a small proportion 
of sponge spicules present as well.
Phytolith concentrations remain relatively high in LZ 
Ia, with the exception of samples from SU 16 and 17. 
Despite some of the lowest rates of damaged phytoliths 
in the entire sequence, damaged phytolith proportions 
are still in the range of 12–35% (excluding SU 17 that 
has 73% damaged phytoliths). Other than for SU 18, 
graminoids are more abundant than non-graminoids 
with ratios between 1.2 and 4.4. Woody plants are con-
siderably more abundant than grasses, although the ratio 
varies significantly between 1.0 and 144.0. Within the 
grasses, the C3 to C4 ratio declines from the bottom to 
the top of the sequence. The bottom five samples have a 
slight abundance of C3 type grasses (ratios from 0.7–1.7) 
whereas the top six samples have a slight abundance of C4 
type grasses (ratios from 0.4–1.0). Within the C4 grasses 
 assemblage, the mesic Panicoideae are more abundant 
than the drought-resistant Chloridoideae, with ratios 
of 1.1–3.0 except for SU 15 that has a ratio of 0.5. Husk 
phytoliths occur sporadically through LZ Ia (SUs 1, 10, 14, 
and 16), and diatoms and sponge spicules are present in 
low quantities in most samples.
6. Discussion
6.1. Site formation and palaeoenvironmental context
Zone II accumulated relatively slowly during Marine 
Isotope Stage (MIS) 3 with frequent, potentially inter-
mittent human occupations, indicated by relatively low 
artefact and charcoal abundances and the relatively small 
lenses and isolated thin layers of charcoal-rich sediment. 
Based on the artefact densities recorded during the 1979 
excavation, this pattern of occupation and accumulation 
was reasonably consistent throughout LZ II, although 
there is an increase in occupational intensity markers 
from bulk sediments immediately prior to the carbonate 
crust development capping this LZ.
Given the evidence for combustion features throughout 
LZ II, the lack of phytoliths from woody plants and the 
almost non-existent calcite signal is suspicious. The burn-
ing that produced the charcoal would have also produced 
ash (i.e., calcite), and if wood was being used as fuel we 
would expect these phytoliths to be present, even if in 
small quantities. The baseline presence of sponge spic-
ules with notable spikes of higher concentration indicates 
moist sedimentary conditions. This, plus the clay coatings 
lining pore spaces observed in the ongoing microstrati-
graphic analysis, indicate gentle post-depositional water 
movement through the profile possibly dissolving the 
ash in addition to translocating clays (Christopher Ames, 
unpublished data). Such dissolution is also likely to have 
affected bone preservation in these layers, for which 
recovery rates are significantly lower (Collins, Wilkins & 
Ames 2017; Opperman 1987). Wood phytoliths, moreover, 
are non-existent in all but three samples from LZ II. High 
alkalinity and water flow can degrade phytoliths (Piperno 
2006), and this may be contributing to reduced phytolith 
preservation in LZ II. However, there are plenty of recov-
ered grass phytoliths so the absence of phytoliths from 
woody plants is likely not a preservation issue, suggesting 
that woody plants were not the primary fuel source, but 
rather grasses and sedges (i.e., graminoids) were burned 
during the MIS 3 occupations. Although it is possible this 
represents selective fuel harvesting, many woody plants 
inhabit the current landscape in front of Grassridge (see 
Figure 2), and it seems most parsimonious that fewer 
woody plants were available in the Stormberg grasslands 
during MIS 3. This interpretation is supported by the 
C3 dominated grasslands and the presence of drought-
resistant C4 morphotypes, which indicate cooler and 
drier conditions respectively at this time. However, the 
presence of C4 grasses also indicates that although con-
ditions were overall drier, there was at least some year 
round rainfall during the MIS 3 occupations at Grassridge. 
Detailed examination of fuel use is also part of the active 
microstratigraphic analysis.
The carbonate crust development at the top of LZ II is 
anomalous, as calcium carbonate is relatively rare across 
the sandstone-dominated landscape. The carbonate crust 
has an undulating surface and is thinner toward the back 
of the shelter (~1 cm), becoming thicker (1–3 cm) with 
weakly expressed laminations toward the dripline. This 
structure combined with the implied landscape stability 
of LZ II-Ib boundary from the higher levels of iron-bearing 
minerals, suggest the crust is the remnant of a microbial 
mat, which was lithified into calcium carbonate (Chafetz & 
Buczynski 1992; Freytet & Verrecchia 1995; Riding 2000; 
Northup & Lavoie 2001; Morley et al. 2017). The spike 
in diatom concentration immediately above the bound-
ary implies it may have been an algal mat blanketing 
parts of the rock shelter floor. Additional work is ongoing 
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regarding the characterisation and formation of the crust 
as part of the microstratigraphic analysis, but similar mats 
currently grow in patches at the back of the rock shelter 
where water seeps in and saturates isolated parts of the 
surface. Coinciding with the interpretation of the crust as a 
stable, surface-covering microbial mat is the long period of 
time this 1–3 cm represents in the stratigraphic sequence. 
Based on median ages, the carbonate crust and overly-
ing unconformity encompass 28.1–13.5 ka, aligning very 
closely with MIS 2 (29–14 ka). Moreover, a microbial mat 
covering much of the rock shelter floor suggests there was 
some water seeping into the rock shelter during at least 
the early parts of MIS 2, and provides a mechanism for the 
translocation of fine particles and the dissolution ash in 
LZ II. Moreover, once this crust was sufficiently developed, 
the resulting hardened surface could promote runoff 
and the erosion of accumulating sediments (Morley et al. 
2017), which may explain the gap in deposition between 
LZ II and Ib. However, it is currently unclear how much of 
MIS 2 relates to the microbial mat and crust formation and 
how much is represented by the overlying unconformity.
Following the roughly 15 kyr depositional gap at 
Grassridge, human occupation and sediment deposition 
return concurrently at approximately 13.5 ka, nearly coin-
cident with the start of MIS 1 (14 ka–Present). Zone Ib is 
thin and represents approximately 2 kyr, accumulating 
during most of the Younger Dryas (i.e., 13–11.5 ka) at a 
similar rate to the MIS 3 deposits. The large diameter com-
bustion feature and high artefact abundance in this LZ 
point to high intensity use of the shelter at this time. The 
phytolith ratios indicate the environment was more simi-
lar to modern conditions—predominantly grassland with 
some woody vegetation. The latter were likely brought 
into the shelter as fuel. The relatively even proportions 
of C3 and C4 grasses point to somewhat cooler growing 
conditions than today, whereas the predominance of 
Panicoideae indicates overall slightly moister conditions, 
with a likely increase in summer rainfall compared to LZ 
II, a combination that suggests some year round rainfall 
in the area around Grassridge during the Younger Dryas.
Zone Ib ends abruptly at 11.6 ka and is followed by a 
4–5 kyr gap in deposition before occupation begins again 
about 7.3 ka. There is broad correlation for the end of the 
Younger Dryas event at this time in South Africa (Stewart 
& Mitchell 2018; Truc et al. 2013). However, caution is 
required here because the abrupt sedimentary transition 
between LZ Ib and Ia indicates that the latter truncates 
the former. As such, an unknown amount of sediment has 
been removed from the top of LZ Ib, perhaps by erosion 
or as part of hearth construction by the mid-Holocene 
inhabitants. It is thus likely that some early Holocene 
occupation has been removed; how much is presently 
unclear. Although this question cannot be answered with 
the small areal coverage of the current excavations, we can 
be certain that if an occupational gap does exist in the 
early Holocene record at Grassridge, it was shorter than 
recorded in our chrono-stratigraphic results and thus may 
not be associated with the end of the Younger Dryas. Only 
expanding sub-surface exploration in the shelter will help 
resolve this uncertainty around the LZ Ib-Ia boundary.
LZ Ia accumulated rapidly in the mid-Holocene during a 
500–600 year period of intense occupation between 7.3–
6.8 ka. The entire sedimentary sequence is indicative of 
hearth construction and reuse. There are intact combus-
tion features with the characteristic triplets of stratified 
ash, charcoal, and rubefied sediment (Goldberg & Bar-Yosef 
2002; Meignen et al. 2007), interdigitated with thick lay-
ers of ashy sediments with disaggregated and randomly 
distributed combustion feature components indicative of 
hearth rake out and dumping (Goldberg et al. 2009; Miller 
et al. 2009). An interpretation of hearth construction and 
maintenance is supported by the extremely high quanti-
ties of woody plant phytoliths from these layers, as well 
as vast quantities of burnt and calcined bone recovered 
from LZ Ia during the renewed and ongoing excavations 
(Collins, Wilkins & Ames 2017). The GSSCs document an 
environment transitioning from a slightly cooler growing 
season to conditions more similar to modern day, domi-
nated by warm temperatures and summer rainfall with 
dry winters.
6.2. Late Quaternary occupation in the high altitude 
grasslands
The oldest occupation zone at Grassridge (43–28 ka) is 
associated with plain platform, flake dominated MSA 
archaeology with very few retouched implements and 
points (Opperman 1988). As such, the stone tools from 
LZ II are broadly consistent with other late and final MSA 
assemblages from MIS 3 documented in southern Africa 
(Lombard et al. 2012). Relative to the Holocene layers, the 
MIS 3 occupation sequence is low intensity. Yet, stone 
artefacts are common throughout and there are scattered 
combustion features indicating at least semi-continuous 
habitation over this 15 kyr in a cooler, drier grassland 
environment than seen in the region today. Moreover, 
with similarly aged occupation horizons identified at 
Rose Cottage Cave (Wadley 2004, 1997), Ha Makotoko 
(Mitchell & Arthur 2014), Strathalan B (Opperman 1996; 
Opperman & Heydenrych 1990), Sehonghong (Mitchell 
1994; Pargeter, Loftus & Mitchell 2017), Melikane (Stewart 
et al. 2012), and likely at Highlands rock shelter (Deacon 
1976) and Ntloana Tšoana (Jacobs et al. 2008; Mitchell & 
Steinberg 1992), MIS 3 appears to have been a period of 
relatively widespread human habitation across different 
biogeoclimatic zones in the interior of southern Africa. 
However, more detailed assessment of the technological 
and subsistence strategies practised by the MIS 3 inhabit-
ants at Grassridge—and how they relate to nearby interior 
grassland, montane, near-coastal, and coastal sites—must 
await completion of the ongoing analysis of the newly 
excavated material.
Regional records suggest a cold, dry environment dur-
ing MIS 2 (Lewis 2008), which might partially explain the 
occupational gap at this time at Grassridge. However, the 
remnants of the microbial mat indicate that some water 
was readily available at the termination of MIS 3 and pos-
sibly a portion of MIS 2 at Grassridge. Occupation of the 
Sub-Escarpment Grassland bioregion during the early part 
of MIS 2 is documented at Strathalan B (Opperman 1996, 
1992), where the uppermost archaeological remains date 
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no younger than 23.9–22.3k cal a BP at the 95.4% confi-
dence level (Pta-4944: 20 900 ± 350 14C a BP; calibrated 
using same method as outlined above; age reported in 
Opperman & Heydenrych 1990). Sehonghong and Rose 
Cottage Cave were also occupied in the early part of MIS 2 
(Mitchell 1996; Pargeter, Loftus & Mitchell 2017; Wadley 
1997), both at higher altitude. Currently, the only known 
occupations dating to the latter portion of MIS 2 (19–14 
ka) are Robberg-like from Rose Cottage Cave (Wadley 
1996, 1995), Ha Makotoko (Mitchell & Arthur 2014), and 
perhaps ephemerally at Sehonghong (Mitchell 1995; 
Pargeter, Loftus & Mitchell 2017), again all at higher alti-
tude. With relatively few data points overall from MIS 2, 
and particularly for the 19–14 ka window, it is difficult 
to make broad statements regarding settlement patterns 
during the LGM. As both Robberg-like and final MSA-like 
flake-blade assemblages are associated with the MIS 2 
sites (Clark 1997; Mitchell 1995), it seems to have been 
a period of increased technological variation—possibly as 
foragers adapted differentially to environmental reorgani-
sation during the LGM. Moreover, the data that does exist 
is concentrated in the montane regions, leading some to 
suggest the colder and drier conditions in the latter part of 
MIS 2 (Scott et al. 2012) ultimately resulted in population 
contraction around more reliable freshwater sources at 
the higher altitudes of the Maloti-Drakensberg (Pargeter 
et al. 2017; Stewart & Mitchell 2018). This is a hypothesis 
that warrants continued evaluation within the Grassland 
and Mesic Highveld bioregions of the Maloti-Drakensberg 
and, importantly, in the slightly lower elevation surround-
ing regions.
The terminal Pleistocene occupation at Grassridge is 
associated with the Later Stone Age artefact types from 
layer LBS in the 1979 sequence, such as large end and 
side scrapers (Collins, Wilkins & Ames 2017; Opperman 
1988, 1984), and cooler and moister grassland condi-
tions with woody vegetation likely growing along stream 
margins. Although Opperman did not identify a termi-
nal Pleistocene layer, he did observe that hornfels was 
more common in LBS than in the overlying layers, and 
considered his observed change in scraper morphology 
from bottom (LBS, AS) to top (HSK, BR, VB) to be consist-
ent with a transition from early Holocene types to mid 
Holocene types. Based on our chrono-stratigraphic result, 
LBS is predominantly terminal Pleistocene in age, with 
the larger scrapers and lack of backed segments suggest-
ing a more Oakhurst-like assemblage (Collins, Wilkins & 
Ames 2017; Lombard et al. 2012). We must also bear in 
mind that there is likely some mixing of MIS 3, terminal 
Pleistocene, and mid-Holocene artefacts in Opperman’s 
summaries, as LBS appears to encompass deposits imme-
diately above and below the carbonate crust, as well as 
some of the basal deposits of LZ Ia. Opperman’s acknowl-
edgment that there appeared to be some mixing across 
the MSA-LSA boundary in his sequence supports this 
notion (Opperman 1988). More detailed examination of 
the archived stone tool assemblage is planned alongside 
finalising the analysis of the newly excavated material. 
We can currently report that, at least chronologically, 
the terminal Pleistocene Oakhurst-like occupation at 
Grassridge overlaps with similar assemblages from 
Ha Makotoko (Mitchell & Arthur 2014) and Te Vrede 
(Opperman 1987), and Robberg-like assemblages from 
Sehonghong (Mitchell 1996; Pargeter, Loftus & Mitchell 
2017) and Ravenscraig (Opperman 1987). However, it is 
slightly older than the Oakhurst assemblage from Rose 
Cottage Cave (Wadley 2000a, 1997).
The brief and very intense mid-Holocene occupation, 
bracketed between 7.3–6.8 ka, contains Wilton artefact 
types, including relatively small end scrapers and backed 
segments (Collins, Wilkins & Ames 2017; Opperman 1987). 
The mid-Holocene was warm and with moisture much 
more concentrated in summer. The studied sequence 
provides no evidence for occupation younger than 6.8 ka. 
Mid-Holocene occupation at Grassridge coincides with 
expansion and intensification of Wilton occupation at 
other sites in the high elevation grasslands, such as Rose 
Cottage Cave (Wadley 2000b), Sehonghong (Mitchell & 
Vogel 1994), and Tloutle (Mitchell 1990), as well as at sites 
in the Fish River basin to the southwest (Hall 2000; Lewis 
2002). Importantly, the nature of the mid-Holocene sedi-
ments indicates that during this time the southwest por-
tion of the shelter was the focus of intensive, repetitive 
hearth construction. The mounded ashy sediments here 
are an obvious topographic feature within the shelter. 
Considering we believe this period of hearth construction 
scoured away some of the terminal Pleistocene deposit, 
we should be cautious in interpreting the studied profile 
as fully representative of the MIS 1 habitation sequence, 
and something that may possibly be contributing to the 
pulsed signal at other sites in the region. This is particu-
larly relevant when considering the multiple episodes of 
rock paintings in and around Grassridge and the isolated 
ceramic sherds located in the artefact-rich palimpsests in 
front of the shelter (Collins, Wilkins & Ames 2017). Not to 
mention that the combined 1979 and renewed GAPP exca-
vations (9 m2) only represent a tiny portion of the shelter 
surface area (>225 m2). As demonstrated by excavations at 
Ha Makotoko (Mitchell & Arthur 2014), spatially varying 
rates of sediment accumulation and differential preserva-
tion can create significant differences in the chrono-strati-
graphic sequence throughout large rock shelters.
7. Conclusion
Sedimentation is highly variable throughout the Grass-
ridge stratigraphic sequence and is likely driven by 
human presence, with three occupational pulses iden-
tified at 43–28 ka, 13.5–11.6 ka, and 7.3–6.8 ka. Each 
occupational pulse is associated with a different stone 
tool technocomplex for which analyses of recently 
excavated material are in progress. Recovered phytolith 
assemblages document a transition from cooler, C3 domi-
nated grasslands and more year round rainfall in the lat-
ter part of MIS 3 to a warmer, C4 dominated grassland 
in the mid-Holocene—the latter indicative of an environ-
ment similar to that observed today. In between these 
two endpoints, during the Younger Dryas, the equal 
proportions of C3 and C4 grasses indicate cooler overall 
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conditions, likely with a predominance of rainfall in the 
summer months. The two distinct depositional and occu-
pational breaks in the stratigraphic sequence occur dur-
ing MIS 2 (28–14 ka) and the early Holocene (11.6–7.3 
ka)—the latter ages potentially misleading due to the 
truncation of older sediments by more recent episodes 
of hearth construction.
The revised chrono-stratigraphic sequence confirms 
the continuation of MSA technology at sites in the inte-
rior of South Africa until the end of MIS 3, and places 
Grassridge as one of very few interior sites that preserve 
occupation from the Younger Dryas. Expanded excava-
tion is required at Grassridge to determine if this occupa-
tional sequence is a site-wide phenomenon. However, the 
pulsed occupational sequence identified is characteristic 
of the Pleistocene and Holocene record across the greater 
region. Based on currently available evidence, which is 
limited for the Late Pleistocene, this pattern seems linked 
to a complex system of mobility entwined with rapidly 
fluctuating palaeoenvironments across a period charac-
terised by high palaeoclimatic variability. Only with con-
tinued research can this model be tested and the nature 
of interaction between inhabitants of the highland grass-
lands and those in the somewhat more intensively  studied 
Maloti-Drakensberg region (Stewart & Mitchell 2018), as 
well as with the emerging record from the Pondoland 
coast (Fisher et al. 2013) be established.
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